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(54) Variable gain amplifiers 

(57) A variable gain amplifier is descrioed having 
two parallel amplifying paths driving acommon load RL. 
One path defined by the transistor (Q3) and including a 
relatively low impedance (L1) provides a high gain/low 
linearly amplification. The other path denned by :he tran- 
sistor (QS) by using a relatively high impedance (L2) 
provides a low gain high linearly amplification. Current 
generators (II and 13) control the DC bias supplied to 
the bases of respective transistors (02 and OS). By ad- 



justing the two current generators (11 and 13) in opposite 
senses, the -atio of the impact that each transistor (Q3 
and G6) has on the load RL can be varied 

The provision of mirror image amplifiers using tran- 
sistors (Q3 and Q7) which share the Impedances (L1 
and L2) with respective transistors (Q2 and QS) enables 
the input and output impedances of the amplifier to re- 
main substantially constant irrespective of the ga:n be- 
ing achieveo. 
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Description 

Background of the Invention 

Field of tho Invention 5 

[0001] Most radio transmitters and receivers use am- 
plifiers having automatic gain control using variable gain 
amplifiers. 

w 

Description of the Prior Art 

[0002] In radio transmitters, the automatic ga n con- 
trol is used to control the output power and the linearity 
of tne input/output characteristic. In a radio receiver, the ts 
gain control is used to allow the receiver to handle a 
wide dynamic range of signals. In both cases, the object 
js to process tho radio frequency signal as substantially 
linear manner as possible to reduce signal distortion 
[0003] Mobile telephone systems employ an array of 20 
pass stations situated in a region where mobile tele- 
phone units are operating When a particular mobile unit 
approaches a particular base station, the recoived sig- 
nal strength at the base progressively ir creases in 
strength. There is therefore a requirement fcr automatic 25 
g&n control at the front end of the radio frequency am- 
plifying chain of the base station in order to reduce the 
signal level travelling to successive amplifying stages of 
Lpe chain This prevents the signals operating in a non- 
linear region of each amplifying stage. 30 
£0004] However, the automatic control system itself 
n £S no protection again large signals wnich reach it and 
sll ch signals may be processed non-finearly or even 
ca ijse saturation These defects woulc then be magni- 
jj^cJ at each successive amplification stage. 55 
pj0O5] A sol ul on to such problems would be to use a 
ptri diode as a gain control element which would act as 
a friable resistor in front of an amplifier. 
p006] Such a solution would not increase the linearity 
Q j \\\e amplifier tself in the presence of strong signals 40 
^ does not lend itself to use integrated circuit situa- 
t l 0fl a without the use of external components often re- 
quire tneir own bias voltage and additional circuitry. 
SuC n solutions are also subject to increased noise lev- 
els. 45 
[OO0fl is an ob i ecl °' tne inversion to provide an im- 
proV^ vari able gain amplifier. 

Summary of the Invention 

so 

[00<$ According to the present invertion there is pro- 
vided a variable gain amplifier comprising a common 
)oad a first amplifying transistor driv ng said local and 
having an ornrttor/coiloctor path connected in circuit sc- 
ries Wi |n a * ,rst relatively low mpedarce, a second am- ss 
plifyinQ :r ansi3tcr also driving said oad and having an 
emjtte r/col lector path connected in circuit series with a 
second relatively high impedarce, input means suppiy- 



ing the base of each of said first and second amplifying 
transistors with an input signal to be amplified, and con- 
trol means for varying the DC bias to the bases of said 
first and second transistor amplifiers to vary the ratio o' 
the extent to which each transistor drives the load 
whereby to vary the performance of the amplifier pro- 
gressively between a low gair high linearly and a high 
gain low linearly 

[0009] According to the present invention there is fur- 
ther p-ovided an automatic gain contro amplifier having 
a relatively high minmurn gain amplifying element and 
a rela:ively low maximum gain amplify ng element both 
connected to receive a common input signal and both 
driving a common load, means for monitoring the am- 
plitude of tne output s gnal envelope appearing across 
the load to reduce the gain of the hipji gain element and 
to increase the gain of the tow gain element when the 
said amplitude tonds lo increase and vice versa when 
the said amplitude terds to reduce, both ir a sense to 
maintain the amplitude of the output signal envelope 
substantially constant. 

Brief Description of the Drawings 

[0010] Again control amplifier embodying the present 
invention will now be described, by way of example, with 
reference to the accompanying drawings, in which: 

Figure 1 is a block diagram of a base station receiv- 
er, 

Figure 2 is a circuit diagram of the amplifier: 
Figure 3 is a block diagram of an automatic gain 
contro circui: incorporating the amplifier of Figure 
2; and 

Figure 4 is a block diagram of a balanced automatic 
gain control circuit. 

Detailed Description of the Invention 

[0011] As shown in Figure 1 an antenna 4 is coupled 
to earth via an impedance 6. The junction between the 
antenna and the impedance 6 feeds an automatic gain 
control amolifier a which in turn feeds an FF (radio fre- 
quency) amplifier 10. The output of the RF amolrfier 10 
is fed to a m xer 12 to select a signal 01 the desired fre- 
quency, which signal is in tu rn demodulated by a demod- 
ulator 14 to produce an audio frequency signal. The au- 
dio frequency signal is amp ified by an AF (audio fre- 
quency) amplifier 16 and transmitted down a and line 
20 to a local telephone exchange 18. 
[0012] The automatic gain control amplifier 8 (see Fig- 
ure 3) employs a variable gain amplifier 22, the circuit 
of which is more dear y seen in Figure 2. 
[0013] As shown in Figure 2, tho amplifier 22 has an 
input 24 for receiving an input signal from the antenna 
4 and an output for feeding the input of the RF amplifier 
10. 

[0014] The input signal is amplified in parallel by two 
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transistors Q2 and Q6 which are matched to a common 
(oad RL via matching impedance C5. L3. Coupling ca- 
pacitors CI and C2 couple the input signal to the bases 
oi respective transistors Q2 and Q6. The collector/ em li- 
ter path of the transistor Q2 is connected :n circuit scries 
with a relatively low value impedance L1 (in this case 
an inductance). An impedance L3 couples the collector 
to tranststo' Q2 to a voltage bus 25 This allows a rela- 
tively la-ge amplification of the input signa (when the 
received signal has a relatively low value) but this also 
means lhat the linearity of the amplified 6tgnal is also 
relatively low. 

[0015] Impedance L4 and C6 are identical to C5 and 
L3 ensuring that the same impedance values are 
present a! the collectors of Q3 and Q7 as with Q2 and 
Q6, hence maintaining circuit balance. The collector or 
emitter path of the transistor G6 is connected in circuit 
series with a relatively high valuo impedance L2 <n this 
case an inductor) This prevents a relatively high ampli- 
fication of the input signal (especially when the received 
input signal has a relatively h gn value) but also has the 
desirable result that the linearity of the amplified signal 
is particjlariy high. 

[0016] The base bias of the two transistors Q2 and 
q6 is controlled to sw ten the transistor Q2 progressively 
ON and to switch trarsistor Q6 progressively OFF in re- 
sponse to a falling amplitude of :he input signal envelope 
gfld to switch the transistor Q2 progressively OFF and 
tn e transistor Q6 progressively ON in response to a ris- 
ing amplitude of the input signal envelope, ^or a maxi- 
mum amplitude input signal, the transistor Q6 is turned 
fully °N wh'l 6 for minimum amplitude input signal the 
tr& nsistor Q2 is turned fully ON 

[O0" 17 ] Tne DC basis for transistor Q2 is controlled by 
a constant current source M wh ch is connected in circuit 
ser jes with the collector/emitter path o' a transistor Q1 
t0 ground, "he DC bias for the transistor Q1 is provided 
b y a resistor R1 coupled between the base and the col- 
lator of transistor Q1 The DC Dias for the transistor Q2 
is provided by a resistor R2 coupled between the col- 
lator of transistor Q1 and the base of transistor Q2. The 
arrangement is 6uch that DC current flowing through the 
c0 liector/emitter path of transistor Q2 essentially mirrors 
the cwert provided by the current generator 1 1 . If great- 
er current is required to flow through the impedance LI , 
one ° r mor9 further transistors can be used in parallel 
wiln transistor Q2. Namely, the collector/emitter paths 
0 I sU ch transistors are connected in parallel with the col- 
lector/emitter path of transistor 02 and the bus of such 
further t'ansistors are coupled to the base of Q2. 
[001 fl Tne DC Dias f° r the transistor Q6 is provided 
by an arrangement similar to that used for transistor Q2. 
Thus, a constant current source 1 3 s coupled by the 
omitt0 r ' col,octor P ath °* transistor G5 to ground and re- 
sistors and R5 respectively connect the collector to 
transist° r Q5 to th e base of transistor Q5 and the base 
of transisto' Q6. 

[0019] Tne problem with the amplification performed 



by transistor Q2 and its biasing arrargemant and the 
amplification performed by transistor QS and its biasing 
arrangement is that, as the DC biases vary for different 
gains to be achieved so also do the inpul impedance 
5 and the output mpedancc of the amplifier when viewed 
from input terminal 24 and output terminal 26, respec- 
tively 

[0020] Therefore, to maintain the current flows ir L1 
and L2 substantially constant, m rror amplifiers based 
io on transistors Q3 and Q7 are employed to snare the im- 
pedances L1 and L2. 

[0021] Coupling capacitors C2 and C4 couple the in- 
put signal to the bases of respective transistors Q3 and 
Q7. Tne transistors Q3 and Q7 are coupled via a ecu- 
's pling capacitor C6 toad jmmy load RD having the same 
value as the load RL The emitter/collector path of tran- 
sistor Q3 connected in circuit series with the impedance 
LI. 

[0022] The DC bias for the base of transistor Q3 is 
20 proviced by a constant current device 12 which is con- 
nected to ground through the emitter/collector path of a 
transistor Q4 and bias resistors R3 and R4 respectively 
couple the collector of transistor Q4 to the bases of tran- 
sistors Q3and Q4. 
25 [0023] The constant current sources 12 and 13 are op- 
erated in tandem so that the current generated by both 
is the same at any instant. 

[0024] In a similar manner, ihe emitter/collector path 
of the Iransislor Q7 is connectec in circurt series with 

30 the impedance L2 and the DC bias for the transistor Q7 
is provided by a constant current source 14. The emitter/ 
collector patn of a transistor Q8 connects the constant 
current source to ground while bias resistors R7 and R9 
connect the collector o' trarsistor QB to the bases of 

55 respectve transistors Q7 and OB 

[002S] Again as before, the current sources 14 and II 
are operated in tandem so that at any instant the current 
generated by each will rema n the same. 
[0026] As far as the relative values of L2 and L1 are 

40 concerned, they advantageously lie within a ratio of from 
2: 1 to 20: 1 . In a typical example, L2 = 1 0 nH wnile L2 = 
2.5 nH ie 41. Such an arrangement would allow a 
change in gain ratio from 4 dB to 12 dB. 
[0027] The incorporation of the variable gan circuit 
(having constant input and output impedances and the 
resultant beneficial gain/linearly characteristic de- 
scribed), in an automatic gain control circuit, is shown 
more clearly in Figure 3. As shown, a comparator 30 has 
one input connected to the output 26 of the amplifier 22 

so and another output connected to a terminal 28 supplied 
by a reference voltage V^, representing a desired gain 
The output of the comparator 30 is fed to control the cur- 
rent sources 13 and 12 of the amplifier 22 directly and via 
an inverting amplifier 32 to control tho current sources 

55 11 and 14. Thus, the current sources 11 and 14 are con- 
trollec in inverse ratio to the current sources 12 and 13. 
[0028] When the variable gain amplifier is embedded 
in an integrated circul further no:se reduction in Ihe cir- 
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cuit can be achieved by using two amplliers each as 
herein described forming two halves ol a split system. 
[0029] Such a system is shown in Figure 4, where two 
input signa s of opposite polarity or phase are derived 
from a signal received by an artenna and inout into two 
ampiifie-s 42 and 44 which in furn produce positive and 
negative output signals 

[0030] It will be appreciated that while the preferred 
embodiment describes the variable gain amplifier being 
used in a radio receiver it can also be used in a radio 
transmitter. Nor is the use of the amplifier limited to the 
field of radio commuricatron but, as will be appreciated, 
it can be used in any electrical environment whtch re- 
quires a variable gain giving the described gain/lineariy 
characteristics. 

[0031] Changes may be made in the combination and 
arrangement of the elements as herein before set forth 
in tno specification and shown in the drawirgs, it being 
understood that changes may be rrade In the embodi- 
ment disclosed without departing from the spirit and 
scope of the irvenlon and defined in the following 
claims. 



of any variation <y said n3tio, whereby to maintain 
the input and output impedances of the amplifier 
substantially constant irrespective of the gain set- 
ting of the amplifier. 

3. An amplifier according to Claim 2, wherein the con- 
trol means comprises first anc second constant cur- 
rent sources adjustable in tandem : said first current 
source supplyng a CC bias to the base of the first 
amplifier transistor ard the second constant current 
source supplying a DC bias to the base of the fourth 
amplifying transistor, third and fourth constant cur- 
rent sources adjustable in tandem, said third source 
supplying a DC bias to the base of said third ampli- 
fying transistor and said fourth source supplying a 
DC bias to the base of said fourth amplifier transis- 
tor, and means for varying said first and second cur- 
rent sources ano sa d third and fourth current sourc- 
es in Inverse propolton so that when the output of 
said first and second current sources is a minim jm, 
the output of sad third ard fourth current sources 
is a maximum and vice versa. 



4. An automatic gain control amplifier comprising a 
25 variable gain amplifier according to any preceding 

claim, a comparator having a first input connected 
to receive the output signal from the variable gain 
amplifier and a second input for receiving a refer- 
ence signal, theoutput of the comparator being con- 
30 nectec to control the first and fourth constant cur- 
rent sources, and through an inverter to control the 
third and fourth constant current sources in a man- 
ner so as to maintain the amplification of the signal 
envelope of the output signal substantially constant 

35 

5. An automatic gain contro amplifier having a rela- 
tively high minimum gain amplifyirg element and a 
relatively low maximum gain amplifying element 
both connected to receive a common inpjt signal 

40 and both driving a common load, means for moni- 
toring the amplitude of the output signal envelope 
appealing across the load to reduce the gain of the 
high gain element and to increase the gain ol the 
low gain element when tne said amplitude tends to 

4s increase and vice versa when the said amplitude 
tends to reduce , both in a sense to maintain th e am- 
plitude of the output signal envelope substantially 
constant. 

50 6. An automatic gain control system comprising two 
gain control amplfiers each according to Cta:m 5 
and both supplied by a common power source, the 
inputs being arranged to receive the same signal 
but with two oppoeito sources and tho outputs pro- 

55 viding the same output signals but of opposite 
sense whereby to reduce noi3e levels therein. 



Claims 

1. A variable gain amplifier comprising a common 
load, a first amplifying transistor crrving said local 
and having an emitter/collector path connected in 
circuit series with a first relatively low impedance, a 
second amplifying transistor also driving said load 
and having an emitter/collector path conn acted in 
circuit series with a second relatively high imped- 
ance, input means supplying the base of each of 
said first and second amplifying transistors with an 
input signal to be amplified, and control means for 
varying the DC bias to the bases of said first and 
second transistor amplifiers to vary the ratio of the 
extent to which each transistor drives the load 
whereby to vary the performance of the amplifier 
progressive y between a low gain higji linearly and 
a high gain low linearly 

2. An amplifier according to Claim 1 s comprising a 
common dummy load, a third amplify ng transistor 
driving said dummy load and having an emitter/col- 
lector path connected in circuit series with the first 
impedance, a fourtn amplifying transistor driving 
said dummy load and having an emitter/collector 
path connected in circuit series with the second im- 
pedance, wnerein said input means supplies said 
input signal to the bases of said third and fourth am- 
plifying transistors and said control means varies 
tho DC bias to tno bases of said third and fourth 
amplifyirg transistors to vary the ratio of the signal 
amplification that each supplies to the cummy load 
whereby, to maintain the current drawn by each said 
first and second impedance constant, irrespective 



7. A radio receiver including an antenna and a series 
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of amp ifier stages having an amplifier according to 
any preceding claim as the first amplification stage. 
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